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(54) Disk recording method and apparatus providing for realtime monitoring 



(57) A method of, and apparatus for, recording a dig- 
ital audio or like signal on a rotating data storage disk 
(1 ), wherein successive segments of a digital input sig- 
nal are stored, at least one at a time, on an input buffer 
memory (16), from which each signal segment is read 
out in time compression mode and recorded on the disk, 
so that the successive signal segments are recorded at 
prescribed time intervals. 



In orderto enable realtime monitoring of the record- 
ing being made on the disk, each signal segment re- 
corded on the disk is recovered therefrom during the 
time interval between the recording of this signal seg- 
ment and that of the next. After being stored on an output 
buffer memory (19), the recovered signal segment is 
read out therefrom in time extension mode, such that 
the successive segments of the digital signal issue from 
the output buffer memory as a streamlined continuum. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to the recording of infor- 
mation, audio or otherwise, on and from a rotating data 
storage disk such as, typically, a recordable compact 
disk (CD-R). More specifically, the invention deals with 
a disk recorder, as typified by a CD-R recorder, including 
provisions for concurrent monitoring of the recording be- 
ing executed on the disk. 

[0002] CD-Rs with associated CD-R recorders are 
winning ever-increasing acceptance among, in particu- 
lar, audiophiles, as well as specialists, experts, and en- 
thusiasts in other fields. Among the advantages of CD- 
Rs are: (a) compatibility with CDs and CD-ROMs, re- 
corded CD-Rs being reproducible on any audio CD play- 
ers or CD-ROM drives; (b) large recording capacity (650 
MB); and (c) low cost per unit of information recordable 
(hard magnetic disks are ten times as expensive per 
MB, and flexible magnetic disks, several tens of times). 
However, CD-Rs are unlike magnetic disks or magnetic 
tape in that they are recordable once for all. A failure in 
recording is irrecoverable, no rerecording being possi- 
ble, so that the disk has to be discarded in that event. 
[0003] Despite the once-for-all recording capability of 
CD-Rs, the CD-R recorders as so far manufactured and 
introduced to the market have not, as far as the instant 
applicant is aware, been equipped for monitoring of the 
recording in progress. The user has therefore had to 
-wait for the completion of the recording to know whether 
his or her source has been recorded properly. In the 
worst case, therefore, he or she has realized that he or 
she has failed, and so thoroughly wasted his or hertime, 
after a very long recording session, as in the recording 
of classical music. 

[0004] An obvious remedy to this shortcoming might 
seem a two-beam monitoring method, such that the 
transducer simultaneously emits both write beam and 
read beam onto the disk so that the information being 
recorded may be reproduced substantially concurrently. 
This method would render the CD-R recorder inordi- 
nately complex and expensive in construction, not likely 
to be accepted by consumers in general. 

SUMMARY OF THE INVENTION 

[0005] The present invention seeks to enable realtime 
monitoring of the recording being made on a CD-R or 
like rotating data storage disk, in a simple, inexpensive, 
and thoroughly practicable way. 

[0006] Also, in attaining the first recited objective, the 
present invention seeks to record desired information 
on a CD-R or the like In such a way that the recorded 
disk is reproducible on any commercial CD-R player, 
CD-ROM drive, or other rotating disk data storage ap- 
paratus. 

[0007] Briefly stated in one aspect thereof, the inven- 



tion concerns a method of recording a digital audio or 
like signal on a rotating data storage disk in a manner 
enabling realtime monitoring of the recording on the 
disk. Successive prescribed segments of a digital signal 

5 to be recorded are first stored, at least one at a time, on 
an input buffermemory, from which each signal segment 
is read out in time compression mode and recorded on 
a rotating data storage disk. The successive signal seg- 
ments are thus recorded at prescribed time intervals. 

10 Each signal segment recorded on the disk is recovered 
therefrom during the time interval between the recording 
of this segment and that of the next and stored on an 
output buffer memory. From this memory, then, the sig- 
nal segment is read out in time extension mode. 

15 [0008] Thus the successive segments of the digital 
signal can be read out from the output buffer memory 
as a streamlined continuum, concurrently with the 
progress of the recording of that signal. The continuous- 
ly recovered digital signal may be translated into an an- 

20 alog signal for monitoring. 

[0009] According to another feature of the invention, 
the data storage disk is maintained throughout the re- 
cording operation in rotation at a constant linear velocity 
that is predetermined in relation to the extent to which 

25 each signal segment is time compressed when being 
read out from the input buffer memory. Consequently, 
the signal segments can be recorded on the disk without 
intervening blanks, thereby permitting the disk to be 
played or read on any commercial device designed for 

30 use therewith. 

[0010] Another aspect of the invention concerns a 
disk recording apparatus for carrying the above summa- 
rized method into practice. The apparatus can be con- 
structed from largely conventional, expensive parts and 

35 components only, including the familiar transducer that 
uses but one. beam for both writing and reading. The 
recording method according to the invention may be fac- 
tory preprogrammed into the controller that is normally 
found in a CD-R recorder or the Uke. 

40 [0011] The above and other objects, features and ad- 
vantages of the invention and the manner of realizing 
them will become more apparent, and the invention itself 
will best be understood, from the following description 
taken together with the attached drawings showing the 

45 preferred embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] 

50 

FIG. 1 is a block diagram of the CD-R recorder em- 
bodying the principles of the present inventibn; 
FIG. 2 is a block diagram of the transducer assem- 
bly of the FIG. 1 recorder; 
55 FIG. 3 is a graph explanatory of the intensity of the 
laserbeam emitted by the FIG. 2 transducer assem- 
bly in write mode and read mode; 
FIG. 4 is a block diagram equivalently depicting the 
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controller of the FIG. 1 recorder; 
FIG. 5, consisting of (A) through (F), is a timing di- 
agram explanatory of how a digitized audio or like 
input signal is recorded on the CD-R in the FIG. 1 
recorder and the recording concurrently monitored, 5 
according to the invention; and 
FIGS. 6A, 6B and 6C show in combination a flow- 
chart of the recording program introduced into the 
controller of the FIG. 1 recorder. 

10 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[001 3] The present invention will now be described as 
embodied in a CD-R recorder for use with interchange- 
able CD-Rs. As has been standardized in the art, an un- 15 
used CD-R has a preformed groove, or pregroove, cut 
in its surface in the form of a multiturn spiral, along which 
the beam of light is to be guided for writing. Irradiating 
the pregroove, the light beam conventionally provides a 
tracking error signal which is used for tracking control, 20 
that is, for keeping the beam spot centered on the track. 
The pregroove slightly "wobbles" in a regular zigzag 
fashion, as is also conventional in the art, such that 
when the beam scans it at a prescribed linear velocity 
for writing, the tracking error signal includes a wobble 25 
component with a standard frequency of 22.05 kHz. 
[001 4] The tracking error signal with the wobble com- 
ponent serves some important known purposes in ad- 
dition to tracking control. One of them is disk speed con- 
trol. The disk speed is servo controlled to maintain the 30 
wobble signal at 22.05 kHz. Another purpose is the pro- 
vision of the positional information of the beam spot on 
the disk. The wobble frequency on the disk is frequency 
modulated at 22.05 kHz ± 1 kHz to include track address 
information known as ATIP (absolute time in the pre- 35 
groove). This address information is therefore derivable 
from the wobble component of the tracking error signal. 
[0015] As is also well known in the art, recording on 
CD-Rs is done under the control of write pulses. User 
data is written during the durations of the write pulses, *o 
and the wobbling pregroove is read during the pulse 
spacings to provide the tracking error signal with the 
wobble component. Writing is alternate, or almost con- 
current, with reading. The light beam tracing the pre- 
groove is alternately switched between write intensity 45 
and read intensity with the progress of alternate writing 
and reading. The required tracking information and ad- 
dress information are gained during such intermittent 
reading. 

[0016] An example of CD-R recorder embodying the 50 
principles of this invention is illustrated in FIG. 1 and 
therein shown together with a CD-R 1 . The exemplified 
CD-R recorder comprises: 

(1) A disk motor 2 for directly driving a turntable 3 55 
on which the 

CD-R 1 is mounted for recording. 

(2) An optical read/write head or transducer assem- 



bly 4 for emitting a beam of. light, usually a laser 
beam, for optically reading and writing data on the 
CD-R 1. 

(3) A seek motor 5 coupled to the transducer as- 
sembly 4 for positioning the same on any track po- 
sition on the CD-R 1. 

(4) A disk motor servo circuit 6 lor driving the disk 
motor 2 under servo control of the motor speed. 

(5) A seek motor driver circuit 7 for controllably driv- 
ing the seek motor 5. 

(6) A focusing servo circuit 8 electrically connected 
to the transducer assembly 4 for keeping the light 
beam focused on the pregrooved surface of the CD- 
R 1. 

(7) A tracking servo circuit 9 also connected to the 
transducer assembly 4 for keeping the light beam 
aligned on the pregroove or data track on the CD- 
R 1. 

(8) A laser driver circuit 10 also connected to the 
transducer assembly 4 for causing the same to emit 
the light beam of controlled intensities. 

(9) An amplifying and arithmetic circuit 1 1 also con- 
nected to the transducer assembly 4 for amplifying 
and further arithmetically processing the electric 
output therefrom. 

(10) An address detection circuit 12 for detecting 
track addresses from the output from the amplifying 
and arithmetic circuit 11 . 

(1 1 ) A factory-preprogrammed controller 1 3 for su- 
pervising and controlling the operation of the com- 
plete CD-R recorder, particularly the recording op- 
eration with realtime monitoring according to the 
present invention. 

(12) An anaiog-to-digital converter (ADC) 15 con- 
nected to an input terminal 14 for digitizing an ana- 
log input signal, such as audio signal, to be record- 
ed. 

(13) An input buffer memory 16 for inputting each 
of successive prescribed segments of the digitized 
input signal and putting each segment out in time- 
compression mode, such that time intervals are in- 
serted between the signal segments. 

(1 4) A write circuit 1 7 connected between input buff- 
er memory 1 6 and laser driver circuit 1 0 for causing 
the transducer assembly 4 to record the input signal 
on the CD-R 1. 

(1 5) A read circuit 1 8 for processing the output from 
the amplifying and arithmetic circuit 11 into a read 
data signal of more well defined waveform. 

(16) An output buffer memory 19 for inputting the 
read data signal, still in the form of time-com- 
pressed, spaced segments, and putting the same 
out in time extension mode, such that the signal 
segments are recombined into a streamlined con- 
tinuum. 

(17) A digital-to-analog converter (DAC) 20 con- 
nected between the output buffer memory 19 and 
an output terminal 21 . 
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[0017] Replaceably mounted on the turntable 3, the 
CD-R 1 is driven directly by the disk motor 2. The disk 
1 has its pregrooved surface shown directed downward- 
ly in this figure, facing the transducer assembly 4 which 
is to be driven by the seek motor 5 across the spiraling 
pregroove on the disk. The disk motor 2 is capable of 
driving the disk 1 not only at the standard speed com- 
mon to CDs and CD-Rs, and at a prescribed speed that 
is several times : or even several tens of times, as high 
as the standard speed, under the control of the disk mo- 
tor servo circuit 6. The higher disk speed is needed for 
recording on the disk 1 with concurrent monitoring ac- 
cording to the invention, as will be detailed subsequent- 
ly. 

[0018] As illustrated in detail in FIG. 2, the transducer 
assembly 4 includes a light source shown as a laser 22 
for emitting a beam of light 28 to be applied to the disk 
surface via an objective lens 24. A beam splitter 23 is 
positioned between the laser 22 and the objective 23 for 
passing the beam 28 from the laser 22 and reflecting 
the beam reflection 29 from the disk surface toward a 
photodetector 25, which translates the beam reflection 
into electric signals. The transducer assembly 4 further 
comprises a focusing actuator 26 such as a moving coil 
mechanically coupled to the objective 24 for keeping the 
laser beam 28 focused on the disk surface, and a track- 
ing actuator 27, usually another moving coil, also cou- 
pled to the objective for keeping the laser beam cen- 
tered on the track on the disk. 

[0019] The laser 22 is conventionally controlled to 
emit a beam of different intensities depending upon 
whether it is creating a pit in the disk surface or not. As 
indicated in FIG. 3, the laser beam has two different in- 
tensities P n and P 2 in write mode lasting from t A to f 5 , 
being of first intensity P 1 when creating a pit as from t 2 
to t 3 , and of second intensity P 2 , less than the first P 1f 
when not creating a pit as from f 3 to t 4 . In read mode 
lasting from % to %, on the other hand, the beam is of 
third intensity P 3 , also less than the first P-,, possibly 
equal to the second P 2 . The periods of the second beam 
intensity P 2 during writing have been conventionally uti- 
lized solely for reading the wobbling pregroove for track- 
ing control and address detection, but lend themselves 
to use for realtime monitoring of the recording according 
to this invention. The laser beam intensity is controlled 
as in FIG. 3 by the laser driver circuit 1 0, FIG. 1 . 
[0020] With reference back to FIG. 1 the transducer 
assembly 4 is driven by the seek motor 5 under the con- 
trol of the seek motor driver circuit 7. To this driver circuit 
7 there are supplied both seek data from the controller 
13 and a seek control signal from the tracking servo cir- 
cuit 9, enabling the driver circuit to control the seek mo- 
tor 5 accordingly. 

[0021] The photodetector 25, FIG. 2, of the transducer 
assembly 4 is conventionally constituted of a set of pho- 
todiodes, not shown, for converting the incident laser 
beam, reflected back from the disk surface, into electric 
signals. Connected to the photodetector 25, the ampti- 
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fying and arithmetic circuit 11 comprises amplifiers, 
adders and subtracters for conventionally processing 
the photodetector output signals into a read data signal 
indicative of data that has been read from the disk 1 , a 

5 focusing error signal indicative of the degree of beam 
defocusing on the disk, and a tracking error signal indic- 
ative of the degree of departure of the beam spot from 
the track. The read data signal is applied to the read 
circuit 1 8, the focusing error signal to the focusing servo 

10 circuit 8, and the tracking error signal to the tracking ser- 
vo circuit 9. 

[0022] Also of prior art design, the read circuit 1 8 com- 
prises a wave-shaping circuit, a phase-locked-loop cir- 
cuit, an eight-to-fourteen-modulation (EFM) decoder, an 

15 error detection and correction circuit, etc. Processing 
the incoming read data signal by all these circuit means, 
the read circuit 18 puts out binary read data represent- 
ative of the information recovered from the disk 1 , for 
delivery to the output buffer memory 19. 

20 [0023] Inputting the noted focusing error signal from 
the amplifying and arithmetic circuit 1 1 , the focusing ser- 
vo circuit 8 puts out a signal for driving the moving-coil 
focusing actuator 26, FIG. 2, of the transducer assembly 
4. The focusing actuator 26 when so driven causes the 

25 objective 24 to move toward and away from the disk sur- 
face in order to keep the beam 28 focused on the disk 
surface. The controller 13 is connected to the focusing 
servo circuit 8 for on-off control of the focusing servo 
and for switching control of the phase compensation 

30 characteristic. 

[0024] The tracking servo circuit 9 responds to the 
tracking error signal from the amplifying and arithmetic 
circuit 11 by producing a signal for driving the tracking 
actuator 27, FIG. 2, of the transducer assembly 4. So 

35 driven, the tracking actuator 27 causes the objective 24 
to travel back and forth parallel to the disk surface in 
order to keep the beam spot in centerline alignment with 
the wobbling pregroove on the disk surface. 
[0025] The controller 13 is connected to the tacking 

40 servo circuit 9, too, for on-off control of the tracking ser- 
vo, for switching control of the phase compensation 
characteristic, and for jumping control of the laser beam. 
The jumping control is such that, in response to jumping 
pulses from the controller 13, the tracking servo circuit 

45 9 causes the tracking actuator 27 to move the objective 
radially of the disk, with the consequent jumping of the 
laser beam 28 from one track turn to another on the disk. 
Thus the tracking servo circuit 9 and the tracking actu- 
ator 27 act in combination as beam positioning means, 

50 as do the seek motor driver circuit 7 and the seek motor 
5. 

[0026] Also having an input connected to the amplify- 
ing and arithmetic circuit 11, the address detection cir- 
cuit 12 detects track addresses by demodulating the 
55 wobble component of the output from the circuit 1 1 dur- 
ing writing and, during reading, by demodulating the 
subcode component. The addresses detected are de- 
livered to the controller 13 and, during writing, to the 
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write circuit 17 as well. 

[0027] The write circuit 1 7 has an input connected to 
the analog input terminal 1 4 via the ADC 1 5 and the in- 
put buffer memory 16, and an output connected to the 
laser driver circuit 1 0. Received at the input terminal 1 4, 5 
the analog audio or like signal to be recorded is digitized 
by the ADC 1 5, and the digital output therefrom directed 
into the buffer memory 16. Under the direction of the 
controller 13 ; then, the digital input signal is read out 
from the memory 16 in successive, isolated segments 10 
in time compression mode, with intervals between the 
signal segments, for delivery to the write circuit 1 7. 
[0028] The write circuit 1 7 is itself of known construc- 
tion comprising an encoder for eight-to-fourteen modu- 
lation of the input digital data, error correction means, 15 
and means for adding address data to the user data as 
subcode. 

[0029] Write pulses representative of the digital data 
to be recorded are fed from write circuit 1 7 to laser driver 
circuit 1 0, which latter circuit responds by controlling the 20 
laser beam intensity accordingly. The controller 1 3 is al- 
so connected to the laser driver circuit 10 to notify the 
same of whether the recorder is in write mode or read 
mode. There exists a transitional interval from write 
mode to read mode in this embodiment of the invention, 25 
during which interval the laser beam is to be held at the 
lower intensity P 2 or P 3 for address reading and tracking 
control purposes. 

[0030] The read circuit 1 8 has an input connected as 
aforesaid to the amplifying and arithmetic circuit 1 1 , and 30 
an output connected to the analog output terminal 21 
via the output buffer memory 1 9 and D AC 20. The output 
buffer memory 1 9 inputs from the read circuit 1 8 the read 
data signal in the form of spaced, time-compressed seg- 
ments and puts out the data segments in time extension 35 
mode. 

[0031] The DAC 21 delivers an analog equivalent of 
the digital output from the buffer memory 1 9 to the output 
terminal 21. A headphone or a loudspeaker system, 
both not shown, are to be connected to the output ter- 40 
minal 21 for monitoring. 

[0032] The controller 13 takes the form of a large- 
scale-integrated microprocessor or microcomputer in- 
cluding a central processor unit (CPU) 13a, a read-only 
memory 136, and a random-access memory 13c. As II- 45 
lustrated block-diagrammatically in FIG. 4, the controller 
13 may be considered to equivalently comprise, for the 
purposes of this invention: 

(1) mode select means 31 for switching between so 
write mode and read mode; 

(2) input memory control means 32 for controlling 
the input buffer memory 1 6; 

(3) output memory control means 33 for controlling 

the output buffer memory 1 9; 55 

(4) beam intensity control means 34 for controlling 
the intensity of the laser beam 28; and 

(5) beam position control means 35 for controlling 



the position of the beam spot on the disk 1 . 

[0033] The mode select means 31 are shown con- 
nected to the means 32-34 for supplying thereto a signal 
indicative of write or read mode. As is conventional in 
the art, the controller 13 additionally comprises means 
for controlling the disk motor 2, means for controlling the 
focusing servo, etc. Such known additional means are 
not shown because of their irrelevance to the instant in- 
vention. 

Operation 

[0034] FIG. 5 indicates at (A) the analog audio or like 
input signal received at the input terminal 14 for record- 
ing. The analog input signal is digitized by the ADC 15 
into the format depicted at (B) in FIG. 5, which is shown 
divided into a stream of arbitrary data blocks A V A 10 for 
convenience of illustration. These data blocks are tem- 
porarily stored in successive groups or segments on the 
input buffer memory 16. The subsequent recording 
process will be better understood by referring to the 
flowchart of FIGS. 6A-6C which indicates the recording 
program embodying the present invention, to be factory 
introduced into the controller 13. 

[0035] The recording program starts at S-,, FIG. 6A, 
when the input terminal 14 begins to receive the analog 
signal to be recorded. At the node S 2 it is determined 
whether a prescribed amount of digital output from the 
ADC 15 has been stored on the input buffer memory 16. 
The prescribed amount is shown in FIG. 5 as three data 
blocks. 

[0036] The answer yes to the node S 2 directs the rou- 
tine to the block S 3> which dictates the storage of the 
track address on the disk 1 where the recording of the 
first signal segment is started. Besides being stored on 
the RAM 13c of the controller 13 : the starting address 
is delivered to the write circuit 1 7 where it is added as 
subcode to the user data segment being recorded. It is 
understood that this and all other starting addresses to 
be used subsequently during recording are derived from 
the aforesaid ATIP data. 

[0037] The recording of the first data segment starts 
at the next block S 4 . As will be noted from (B) and (C) 
in FIG. 5, the data segment is recorded in time compres- 
sion mode, such that the data segment is read out from 
the input memory 1 6 at a higher rate than that at which 
it was written thereon. In FIG. 5 the first data segment, 
consisting of the data blocks A^-A 3 , was written during 
a time period t^t^ but is read out during a much shorter 
time period t r t 2 . The thus time-compressed data seg- 
ment with the subcode is recorded in the prescribed po- 
sition on the disk 1 . 

[0038] As has been set forth with reference to FIG. 3, 
the beam intensity is switched between P 1 and P 2 , as 
from ^ to f 5 in FIG. 3, during the recording of the first 
data segment A V A 3 from t, to t 2 in FIG. 5, as well as of 
the second data segment A 4 -A s from t 5 to in FIG. 5 
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and all the following data segments. The successive da- 
ta segments are therefore recorded with concurrent 
tracking control of the laser beam and address detec- 
tion. 

[0039J It Is understood that the CD-R 1 is now being 
driven al a constant linear velocity (CLV) that is from 
several times to several tens of times, typically four 
times, as high as the standard CLV common to CDs and 
CD-Rs. The actual CLV is to be determined in relation 
to how fast each data segment is read out from the input 
memory 16. In this manner, even though the transducer, 
assembly 4 has its laser beam modulated according to 
the successive data segments that are supplied in time 
compression mode, and hence with intervening time in- 
tervals, such data segments are recorded on the CD-R 
with no intervening blanks thereon. The CD-R thus re- 
corded is therefore reproducible on any commercial CD 
players or CD-ROM drives. 

[0040] Then comes another node S 6 which asks 
whether the amount of data currently stored on the input 
memory 16 is down to a prescribed limit, in order to de- 
termine when the write mode now in progress should be 
terminated. If it is, the track address where the recording 
of the first data segment ends is stored on the controller 
RAM 13c at the block S 6 , FIG. 6A, and the recording is 
actually terminated at the next block S 7 . Thus has been 
completed the recording of the first data segment A r A 3 
from t 1 to t 2 in FIG. 5. 

[0041] Next comes the step of playing back the first 
data segment which has been just recorded, for moni- 
toring purposes. The laser beam is therefore positioned 
at the starting address of the recording of the first data 
segment on the disk 1 according to the block S 8 . It is 
then determined at the node S 9 if the output buffer mem- 
ory 1 9 has enough capacity to store the complete first 
data segment >4 1 -A 3 to be recovered from the disk. This 
step, executed by the output memory control means 33, 
FIG. 4, of the controller 13, is recommended for the ac- 
curacy of reproduction obtainable. 
[0042] Then the reproduction of the recorded first data 
segment A V A 3 is started at the next block S 10 . With the 
disk 1 maintained at the same high CLV as during re- 
cording, the first data segment A V A 3 is recovered dur- 
ing a f 3 -f 4 time interval, as at (D)in FIG. 5, still in a time- 
compressed state. The time interval t 3 -t 4 should not ex- 
ceed, preferably should be conveniently shorter than, 
each of the time intervals, as from ^ to f 5 , between the 
recordings of the successive data segments. 
[0043] The reproduction of the first data segment A,- 
A 3 is concurrent with the determination, according to the 
node S 11f FIG. 6C, of whether there exists an uncorrect- 
able error in each EFM frame. If it does, the error is re- 
ported to the controller 1 3, which responds by suspend- 
ing the recording at the block S 12 . In cases where this 
CD-R recorder is being used as a computer peripheral, 
or has a display of its own, the detected error may be 
reported to the computer and exhibited on its display, or 
may be exhibited on the display of the CD-R recorder. 



[0044] In the absence of any uncorrectable error, it is 
ascertained at the node S 13 whether the final address 
of the recording of the first data segment A A -A 3 has been 
reached. The address in question is that stored on the 

5 controller RAM 1 3c at t 2 in FIG. 5 according to the flow- 
chart block S 6 , FIG. 6A. One cycle of recording opera- 
tion comes to an end at S 14 , and at t 4 in FIG. 5, when 
an address that has been read from the disk agrees with 
the final address on the controller RAM 13c. The next 

10 cycle is started at S 2 again. 
. [0045] After being conventionally processed in the 
read circuit 18, the first data segment A 1 -A 3 which has 
been recovered from the disk from t 3 to t 4 as at (D) in 
FIG. 5 is then stored on the output buffer memory 1 9, 

15 FIG. 1, as at(E) in FIG. 5. Being still compressed in time, 
the stored first data segment is then read out therefrom 
in time extension mode, that is, from t 3 \o t 7 as at (F) in 
FIG. 5, and subsequently reconverted into an analog 
equivalent by the DAC 21 . The first data segment is thus 

20 reproduced on the original, normal time scale as a rep- 
lica of that shown at (A) in FIG. 5. 
[0046] Upon completion of the recovery of the first da- 
ta segment A,-A 3 from the disk 1 at t 4 in FIG. 5, the next 
data segment A 4 -Aq is recorded during the ^-^ time in- 

25 terval in FIG. 5 through the same procedure as above. 
The starting address of this second data segment, to be 
stored on the controller RAM 13c, FIG. 1 , at the block 
S 3 , is the address where the fourth data block A 4 starts 
to be recorded, orthe final address of the preceding data 

30 block A 3 . As has been stated, no blanks are created be- 
tween the successive data segments supplied to the 
transducer assembly 4 in time compression mode. 
[0047] The second data segment A 4 -Aq thus recorded 
from t 5 to k on the disk 1 , as at (C) in FIG. 5, is imme- 

35 diately reproduced from t 7 to t Q , as at (D) in FIG. 5 and 
stored on the output buffer memory 1 9. From this mem- 
ory 1 9 the second data segment A 4 ~A$ is read out in 
time extension mode, from t 7 to t Q as at (F) in FIG. 5, 
and in immediate succession to the reproduction of the 

40 first data segment A V A 3 . 

[0048] Thus, even though the input audio or like signal 
is recorded on, and recovered from, the CD-R 1 in iso- 
lated, time-compressed segments according to the in- 
vention, the signal emerges from the analog output ter- 

45 minal 21 as a streamlined continuum for realtime mon- 
itoring. If unsatisfied with the way his or her source is 
recorded, the user may immediately suspend the re- 
cording and so avoid any further waste of time. 
[0049] In order to assure continuity of the user data 

50 on reproduction, each segment may be composed of, 
typically, ninety-eight EFM frames or integral multiples 
thereof. Further the user data may be so divided at 
zones of longest pit patterns, the frame synchronization 
patterns provided for frame identification purposes. The 

55 synchronization pattern is composed of an 11 -bit long 
high level period, an 11 -bit long low level period, and a 
two-bit long high level period. 
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Possible Modification 

[0050] Despite the foregoing detailed disclosure it is 
not desired that the present invention be limited by the 
exact showings of the drawings or by the description 
thereof. The following is a brief list of possible modifica- 
tions, alterations and adaptations which are all intended 
in the illustrated embodiments and so believed to fall 
within the scope of the invention: 

1. The digital signal to be recorded could be intro- 
duced into the input buffer memory 1 6 from a source 
other than the ADC 15. 

2. The digital signal recovered from the CD-R could 
be delivered from the output buffer memory 1 9 to a 
digital device other than the DAC 20. 

3. The invention could be applied to magneto-optic 
storages as well. 

4. The data track on the disk could be concentric 
circles instead of a multiturn spiral. 



Claims 

1. A method of recording a digital audio or like signal 
on a rotating data storage disk in a manner enabling 
realtime monitoring of the recording on the disk, 
wherein successive segments of a digital input sig- 
nal are stored, at least one at a time, on an input 
buffer memory (16), from which each signal seg- 
ment is read out in time compression mode and re- 
corded on a rotating data storage disk (1), so that 
the successive signal segments are recorded at 
prescribed time intervals, characterized by com- 
prising the steps of recovering each recorded signal 
segment from the rotating disk during the time in- 
terval between the recording of this signal segment 
and that of the next, storing on an output buffer 
memory (19) the signal segment being recovered 
from the disk, and reading out the signal segment 
from the output buffer memory in time extension 
mode, whereby the successive segments of the dig- 
ital signal can be read out from the output buffer 
memory as a streamlined continuum to enable re- 
altime monitoring of the recording being made on 
the disk. 

2. A method of recording a digital audio or like signal 
on a rotating data storage disk as claimed in claim 
1 3 characterized in that the data storage disk (1) is 
maintained in rotation at a constant linear velocity 
that is predetermined in relation to the extent to 
which each signal segment is time compressed 
when being read out from the input buffer memory 
(16), whereby the signal segments are recorded on 
the disk without intervening blanks. 

3. A method of recording a digital audio or like signal 



on a rotating data storage disk as claimed in claim 
1 , characterized by further comprising the steps of 
ascertaining whether or not there is an uncorrecta- 
ble error in each signal segment being recovered 
5 from the rotating disk, and, if there is, visually ex- 

hibiting the presence of an uncorrectable error in 
the recording and/or suspending the recording of 
the digital signal. 

10 4. A method of recording a digital audio or like signal 
on a rotating data storage disk as claimed in claim 
1 , characterized by further comprising the steps of 
EFM encoding the successive signal segments be- 
ing read out from the input buffer memory in time 

15 compression mode, and EFM decoding the succes- 

sive signal segments being recovered from the disk. 

5. An apparatus for recording a digital audio or like sig- 
nal on a rotating data storage disk in a manner en- 

^0 abling realtime monitoring of the recording on the 
disk, comprising disk drive means (2, 6) for impart- 
ing rotation to a data storage disk (1) at a desired 
speed, transducer means (4) for recording and 
playing back a digital signal on and from the rotating 

25 data storage disk, an input buffer memory (1 6) con- 
nected to input means (14) for successively storing, 
at least one at a time, prescribed segments of a dig- 
ital signal supplied therefrom, input memory control 
means (32) connected to the input buffer memory 

30 for reading out each signal segment therefrom in 
time compression mode, a write circuit (17) con- 
nected between the input buffer memory and the 
transducer means for causing the latterto record on 
the rotating data storage disk the signal segment 

35 being read out from the input buffer memory in time 

compression mode, so that the successive signal 
segments are recorded at prescribed time intervals, 
mode select means (31 ) connected to the transduc- 
er means for causing the same to read each record- 

*0 ed signal segment on the rotating data storage disk 

during the time interval between the recording of 
this segment and that of the next segment, and a 
read circuit (1 8) connected to the transducer means 
for processing each signal segment read out from 

*s the disk, characterized in that an output buffer mem- 
ory (19) is connected to the read circuit for storing 
each signal segment being read out from the disk, 
and that output memory control means (33) is con- 
nected to the output buffer memory for reading out 

>° the signal segment from the output buffer memory 
in time extension mode, whereby the successive 
segments of the digital signal can be read out from 
the output buffer memory as a streamlined contin- 
uum to enable realtime monitoring of the recording 

5 5 being made on the disk. 

6. An apparatus for recording a digital audio or like sig- 
nal on a rotating data storage disk as claimed in 
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claim 5, characterized in that the input means com- 
prises an input (14) for inputting an analog signal to 
be recorded, and an analog to digital converter (15) 
connected to the input for digitizing the analog input 
signal. 5 

An apparatus for recording a digital audio or like sig- 
nal on a rotating data storage disk as claimed in 
claim 5, characterized in that the output means 
comprises a digital to analog converter (20) con- io 
nected to the output buffer memory ( 1 9) for convert- 
ing into an analog equivalent the digital signal being 
read out therefrom, and an output (21) connected 
to the digital to analog converter. 
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(54) Disk recording method and apparatus providing for realtime monitoring 



(57) A method of, and apparatus for, recording a dig- 
ital audio or like signal on a rotating data storage disk 
(1 ), wherein successive segments of a digital input sig- 
nal are stored, at least one at a time, on an input buffer 
memory (16), from which each signal segment is read 
out in time compression mode and recorded on the disk, 
so that the successive signal segments are recorded at 
prescribed time intervals. 



In orderto enable realtime monitoring of the record- 
ing being made on the disk, each signal segment re- 
corded on the disk is recovered therefrom during the 
time interval between the recording of this signal seg- 
ment and that of the next. After being stored on an output 
buffer memory (19), the recovered signal segment is 
read out therefrom in time extension mode, such that 
the successive segments of the digital signal issue from 
the output buffer memory as a streamlined continuum. 
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